Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON 2 OHIO

-—— - -




y &

THE UNIVERSITY OF TENNESSEE
DEPARTMENT OF ELECTRICAL ENGINEERING

/O
~£ e t—Ev )<

DEVELOPMENT

OF A

HIGH FREQUENCY
STEERABLE ANTENNA

~sepizace vith
cricane v
iy novembar 1933

Uassificatinn carced w v 7
‘w" L 0.5\” L, @ |J\_L
3ycument Service Center

' /6 I'{N- Pamed Senviees Tech. inf
[l q/:-?’s‘/ "

o Agency!

Navy Department
Bureau of Ships
Electronics Divisions

Interim Development
Report No. 8

Contract No. NObsr-57448
Index No. NE-091035 ST7
10 May 1953

A PROJECT OF THE ENGINEERING EXPERIMENT STATION
THE UNIVERSITY OF TENNESSEE COLLEGE OF ENGINEERING

) = Knoxville 16, Tennessee
s, : ;

R—



f__.-...___—_..A..- ———— —— — —_—

e —— - ————— e s e t— e . e e e e e e e
i
-

INTERIM DEVELOPMENT REPORT
FOR
DEVELOPMENT OF A HIGH FREQUENCY
STEERABLE ANTENNA

This report covers the period
1 April 1953 to 30 April 1953

ENGINEERING EXPERIMENT STATION
THE UNIVERSITY OF TENNESSEE
KNOXVILLE, TENNESSEE

Navy Department Bureau of Ships
Electronics Divisions

Contract No. NObsr-57448 Index No. NE-091035 ST7
10 May 1953

WARNING: This document contains information affecting the national
defense of the United States within the meaning of the Espionage Laws
Titlel8, U.S.C., Sections 793 and 794. The transmission or the reve-
lation of its contents in any manner to an unauthorized person is pro-
hibited by law. Reproduction of this document in any form by other
than activities of the Department of Defense and the Atomic Energy
Commission is not authorized unless specifically approved by the Sec-
retary of the Navy or the Chief of Naval Operations.

Copy No. @



ABSTRACT

This report covers work done on Contract No. NObsr-57448, Index No.
NE-091035 ST7, at The University of Tennessee during the month of
April 1953.

The following was accomplished:

1.

The development of the physical facilities of the antenna test site
was completed. The installation of instruments may now be made.

Maximum usable frequencies were determined, as a function of
time of day, for transmitters located at Port Lyautey, Seattle,
and Adak. The path lengths considered were 800, 1200, 3200 and
8000 kilometers and ionospheric data for June 1947 and January
1953 were used. A start was made in using these data for deter-
mining the necessary characteristics of the antenna.

Efforts were continued to obtain reliable angle-of-arrival data.

Work was continued on the problem of horizontal steering of the
beam of a rhombic antenna. The numerical calculations have
proven to be very involved and no results are yet available on the
scheme being tried.

An investigation has been started of the possibility of improving
the performance of square rhombic antennas by increasing the
phase velocity along the conductors of the antenna. The results
obtained to date are shown in Figures 5 to 7, inclusive.

All pertinent literature on V-antennas and on tilted antennas has
been read as a first step in the investigation of the possibilities

of using inclined radial wires as an antenna suitable for the pre-
sent task.

Work was started on the analysis of the propagation character-
istics of a circular travelling-wave antenna.

A circular array for which the horizontal pattern is invariant with
frequency was investigated.




PART I
Purpose

This project involves the development of a high frequency steerable
antenna having the following characteristics:

1. It shall be operable throughout the frequency range of 4 to 32 mega-
cycles per second.

2. It shall be capable of four, or more, simultaneous transmissions
on different frequencies, and at different azimuth and elevation
angles.

3.

For each transmission, it shall be capable of being directed to any

az(i)muth angle and to any elevation angle between the horizon and
30~ above the horizon.

The communication system shall provide reliable 24-hour day-to-day
communication with a 20-decibel signal-to-noise ratio. The ranges.to

be covered are from approximately 500 nautical miles to 4000 nautical
miles.

The development consists of two phases:

Phase 1. Theoretical and experimental studies.

Phase II. Development of design criteria.
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General Factual Data

Personnel:

F. V. Schultz Project Director 96 Man-hours
W. D. Leffell* Assgistant Engineer 3 Man-hours
J. D. Tillman Assistant Engireer 8 Man-hours
L. W. Ricketts* Junior Engineer 40 1/2 Man-hours
H. P. Neff Junior Engineer 176 Man-hours
G. R. Turner Secy-Draftsman 84 1/2 Man-hours
L. Phillips* Technician 80 Man-hours
C E. Blakely Student Computer 15 Man-hours
T. E. Lassiter Student Computer 10 Man-hours
D. Marcum Student Computer 54 1/2 Man-hours
H. Knox Student Computer 139 1/2 Man-hours
D. J. Smith Typist 41/2 Man-hours
A. Rich Multilith Operator 3 Man-hours
*

Preparation of antenna test facility.
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Detail Factual Data

1.

The power line installation at the antenna test facility was com-
pleted. The delivery of the antenna pattern recorder has been
delayed until after the first of June. All other test equipment
is on hand and it is quite likely that experimental work will be
started before the recorder is available - the antenna patterns
being determiined on a point-by-point basis.

The maximum usable frequencies (MUF's) have been determined,
as a function of time-of-day at the transmitter, for transmitters
located at Port Lyautey, Seattle and Adak. and for path lengths of
800, 1200, 3200 and 8000 kilometers north, south, east and west
from each transmitter. lonospheric conditions for June 1947
(sunspot number = 112) and for January 1953 (sunspot number = 30)
were used. The results are contained in ninety curves - too many

"to allow theit inctusiofi in this report. These curves of MUF versus

time-of-day are now being used to determine two different operating
frequencies to be used each day at each station, for each path
length. This latter work has been completed for January 1953 and
the results are summarized in Figures 1 and 2.

It is important to know in the antenna development how the vertical
angle of the antenna beam must vary with frequency. In order to
obtain a rough preliminary estimate of this required variation, the
curves of operating frequency versus path length (Figures 1 and 2
of this report) were used, together with the curves of radiation
angle versus path length (Figure 2 of Interim Development Report
No. 7). The results are shown in Figures 3 and 4 of this report.

Not enough results are available as yet to warrant the drawing of
any conclusions.

Several organizations have been contacted in an effort to obtain
recent and reliable information concerning angles-of-arrival,
but nothing new has, as yet, been secured. Full information,

however, has not been received from the two most promising
sources.

The analysis, mentioned in Interim Development Report No. 7, of
the method devised for the horizontal steering of thc beam of a
rhombic antenna has been checked and an error found. Consequently
the analysis has had to be redone and no numerical results are yet
available. The numerical calculations are v# -y laborious and,
therefore, the obtaining of results will be slow. It may turn out

that it will be better to investigate this problem experimentally.

RESTRICTED 6
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Detail Factual Data - Continued

S.

At the Bureau of Ships Shore Antenna Symposium, held early in
March, Mr. Roland of Pickard-Burns discussed the possibility

of altering the characteristics of rhombic antennas by increasing
the phase velocity along the conductors of the antenna. On the
present project it is desirable to use square rhombics in order to
facilitate 360  azimuthal steering of the beam. Such a rhombic has
a radiation pattern considerably inferior to that of a well-designed
conventional rhombic. Consequently the scheme discussed by

Mr. Roland is being investigated in an attempt to improve the per-
formance of a square rhombic. As a first step in this investigation
three square rhombic antennas have been designed, having con-
ductor phase velocities of 1.0, 1.2 and 1.414 times the free-space
velocity, respectively. Each of these antennas was designed to
have, at an elevation angle of 20, the maximum possible response
at this angle. The resulting dimensions and vertical patterns are
shown in Figures 5 to 7, inclusive. An examination of these three
figures reveals that increasing the phase velocity along the con-
ductor results in an increase in size of the rhombic of optimum
design, in a sharpening of the main beam, in a reduction in the
magnitude of the ¢.de lobes and an increase in gain. These results
are to be expected. The practical problem of achieving the desired
increase in phase velocity over a wide frequency range has re-
ceived no serious consideration, as yet.

A literature search for material on V-antennas and on tilted
antennas has been made and the few pertinent papers read. The
next step is to investigate the possibilities of adapting and extending
these results to an antenna which will be useful to the present task.
The particular antenna which appears to offer some promise of
being useful is one made of inclined radial wires, to be used in
pairs as terminated V-antennas. The object of the inclination of
the wires relative to ground is to circumvent the difficulties
arising from the height factor of the antenna when the antenna is
used over an 8-to-1 frequency range.

Work was started on the analysis of the propagation characteristics
of a circular travelling-wave antenna.

An investigation was made of a steerable single ring circular
antenna array for which the horizontal pattern is invariant with
changes in frequency. This characteristic of the pattern was noted
in conngction with a similar array being studied under Contract
No. NObsr-57032, and was investigated to determine its suit-
ability for the present task. The array consists of a group of
vertical monopoles arranged in a circle, with a single monopole

at the center. The elements around the circumference are ex-
cited so that their phase varies uniformly around the circle, there
being one complete cycle of phase shift around the ring. The prop-
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Factual Data - Continued

erties of the array are as fallows:

a.

b.

The horizontal pattern is a cardioid.

To change the direction of azimuthal pointing only the phase
of the current in the central element is varied.

The cardioidal horizontal pa‘tern does not vary with frequency
if the magnitude of the current in the central element varies
with frequency in the proper manner. This variation of the
required current in the central element to give a fixed hori-
zontal pattern is shown in Figure 8, for the typical case of

an array of 9 elements whose radius is 0. 294 wavelength at
the highest frequency used.

The vertical pattern varies only slightly with frequency if the
condition outlined above is satisfied. Vertical patterns are
given in Figure 9, for the case described above.

If two cycles of phase shift are used the horizontal pattern

is a figure -8, which is again invarian' with frequency. In
general, for n cycles of phase shift, the pattern will consist
of n equal and equally spaced lobes.
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DEPARTMENT OF ELECTRICAL ENGINEERING
ENGINEERING EXPERIMENT STATION
THE UNIVERSITY OF TENNESSEE

PROJECT PERFORMANCE AND SCHEDULE

Index No. NE-091035 ST7

Contract No. NObsr-57448 Date: 10 May 1953
Legend: Sl Work Performed Period Covered: 1/4/93 to 30/4/53
E=—= Schedule of Projected __4
Operation
1952 y y 1953
Subject s|olnp|slr|m|alm|sls]als]|o|n
1 Development of Field Test

Facilities.

2. Study of Propagation Problem.
a Investigation of paths lying
entirely in night region. +
b. Investigation of paths lying
entirely in day region.

c. Investigation of paths lying
partly in day and partly in
night region.

d. Investigation of auroral re-
fraction.

a. Search of literature.
b. Theoretical Study.

4. Detailed Theoretical and Experi-
mental Investigation of Most
Promising Antenna Types.

3. Determination of Suitable Antenna
Type or Types. |

5. Development of Network System
Suitable for Driving Array.

6. Experimental Study of Final
Array.

7. Preparation of Phase Report.
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Conclusions

1. The work on the propagation problem has not progressed far
enough to allow the drawing of any conclusions.

2. The technique of increasing the phase velocity along the con-
ductors of a rhombic antenna appears to be a valuable tool in
the design of rhombic antennas.

3. The patterns of the circular ring array seem unsuitable because

of the lack of sufficient directivity. No way of securing a
pattern invariant with frequency and having a high enough
directivity has yet been found.
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Program for Next Interval

During the next month the following work will be pursued:

1.

Work on the propagation problem will be continued. The de-
termination of operating frequencies for use under ionospheric
conditions corresponding to those of June 1947 will be made.
The calculation of expected median field intensities, when using
these frequencies, will be started. An attempt will be made to
adapt this propagation information to the determination of the
required characteristics of the antenna.

The problem of the horizontal steering of the beam of a rhombic
antenna will continue to be investigated.

The study of the possiblities of using an antenna consisting of

inclined radial wires will be carried on, as will the work on the
circular travelling-wave antenna.
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